Introduction
Human pulmonary dirofilariasis is a zoonotic parasitic disease caused by infection with canine filaria, Dirofilaria immitis (D. immitis). D. immitis is found worldwide and parasitizes preferentially in the right ventricle and pulmonary arteries of dogs. The parasites are usually transmitted by mosquitoes and are capable of infecting humans (1) (2) (3) . The prevalence of D. immitis infection in dogs is high throughout the world, and recently, the number of pulmonary dirofilariasis in humans has increased (4) (5) (6) (7) (8) (9) (10) . Epidemiological studies revealed a close association of the occurrence of human pulmonary dirofilariasis with the distribution of canine dirofilariasis (4, 5, 7, 8) . Because dirofilariasis is a vector-borne disease, the prevalence of the disease is influenced by the frequency of exposure to the bite of infected mosquitoes (2, 4) . We present here a patient with surgically diagnosed pulmonary dirofilariasis whose serum antibody titer to D. immitis was examined before and after surgical treatment. We also examined the sera of his family members for the presence of antibody to D. immitis because, in endemic areas of dirofilarial infection, the possibility of familial infection with the parasite may be high.
Case Report
A 42-year-old man consulted our department after routine chest roentgenographic examination revealed pulmonary coin lesion in the left lower lobe. He had no respiratory symptoms and no history of respiratory illness. He was a non-smoker and had no pets at home. Physical examination was normal. White blood cell count (WBC) in peripheral blood was 4,600/mm 3 with an eosinophil count of 92/mm 3 . C-reactive protein was negative and serum concentration of immunoglobulin E (IgE) was 180 U/ml. A chest roentgenogram and computed tomographic scan revealed a solitary subpleural nodular shadow in the left lower lobe (Fig.  1 ). Since we could not make a diagnosis by bronchofiberscopy, the patient underwent a thoracotomy with wedge resection of the left S 6 segment under the suspicion of malignant neoplasm. A granulomatous nodule was observed in the resected specimen. Histopathological examination revealed cross-sections of a parasite, identified morphologically as D. immitis, which embolized the branch of pulmonary artery that was surrounded by the granulomatous lesion (Fig. 2) . The patient was discharged 17 days after the operation without additional treatment.
Serologic studies
The patient's preoperative stored serum was first screened using multiple-dot enzyme-linked immunosorbent assay (ELISA), in which 12 different parasite antigens, including D. immitis, were spotted on a piece of nitrocellulose membrane (HAWG304FO, Millipore, MA, USA) (11) . The filter was incubated with the patient's sera, diluted at 1 : 200, washed, and then incubated with peroxidase-conjugated rabbit anti-human IgG (DAKO, Glostrup, Denmark). Antibody binding was developed by incubation in a reaction mixture containing H2O2 as the substrate and 4-chloro-1-naphthol as the chromogen. The developed color of each parasite antigen spot was visually scored. The patient's preoperative serum moderately bound to D. immitis antigen with weak crossreactions to other nematode antigens (not shown).
To evaluate the possibility of residual worms, specific antibody titers to D. immitis in the patient's sera were examined by microplate ELISA both before and two months after surgery. Wells of microtiter plates (Nunc, Roskilde, Denmark) were coated with 10 g/ml of D. immitis antigen. Wells were then blocked with Tris-buffered saline containing 1% casein and incubated with the patient's serially diluted sera. After washing, peroxidase-labeled rabbit anti-human IgG was added and incubated for 1 hour. ABTS (2, 2´-azino-di 3-ethyl-benzthiazoline sulfonate]) was used as substrate and optical densities were read in a Labsystems Multiskan Bichromatic (Labosystem Oy, Helsinki, Finland). As shown in Table 1 , the antibody level in the serum decreased two months after the surgical resection of the pulmonary nodule.
Family studies
The patient and his family members were born and lived on Nagashima, a small island in the northwestern area of Kagoshima prefecture, Kyushyu, Japan. We interviewed all family members and investigated their environs. All family members were healthy, had not experienced any respiratory symptoms or skin lesions and had no previous respiratory illness. They had never kept dogs or other pets, although four neighbors did own dogs. Every summer, mosquitoes invaded the family's house. We explained the possibility of familial infection with the parasite, and, with informed consent, examined the antibody to D. immitis in their sera using ELISA. The results are shown in Table 1 . In addition to the present patient, three of five family members were seropositive for D. immitis, and two seropositive children had elevated total IgE in their sera. The three seropositive family members had no abnormalities on subsequent chest roentgenogram.
Discussion
The preoperative diagnosis of pulmonary dirofilariasis is difficult because of the lack of characteristic symptoms, laboratory and roentgenographic findings. pulmonary coin lesion is a typical clinical form of dirofilariasis, such lesions have often been surgically resected under a suspicion of malignant neoplasm or other pulmonary diseases. The diagnostic procedure and the clinical findings of the patient were typical for pulmonary dirofilariasis as previously described. After obtaining the pathological diagnosis, we found that the patient's preoperative stored serum was positive for D. immitis. The serologic methods, including ELISA, have routinely been used for diagnosis and research of D. immitis infection in dogs (12) (13) (14) as well as diagnosis in humans (15, 16) . These methods cannot be used to rule out a diagnosis of neoplastic lesion or other pulmonary diseases. Instead, serologic methods are most useful in follow-up studies after treatment and in the epidemiological survey for D. immitis infection (5, 7, 8, 15) .
The zoonotic transmission of D. immitis from infected animals to humans is mediated by mosquitoes. A few seroepidemiological studies for D. immitis infection in humans show a close association of the prevalence of human pulmonary dirofilariasis with that of canine dirofilariasis (4, 5, 7, 8) . The present patient's home and neighborhood environment seemed to increase the risk of dirofilarial infection. Using serologic methods, we found in this study that, of the patient's family members, three of five were seropositive for D. immitis. These results suggest that the patient's family members have been frequently exposed to infection with D. immitis.
The clinical usefulness of a serologic survey of D. immitis, including a family survey for earlier diagnosis of pulmonary dirofilariasis, has not been sufficiently studied. Alvarez et al detected a subclinical patient with pulmonary dirofilariasis in a mass serologic survey for D. immitis (8) . A serologic survey of family members of patients with dirofilariasis may be useful for earlier detection of subclinical infection by the parasite, especially when the subjects are living in an environment with a risk of dirofilarial infection.
In the present patient, the eosinophil count in peripheral blood and the serum concentration of IgE were normal. Previous reviews stated that eosinophilia is not frequent in pulmonary dirofilariasis (4, 9, 17) . In the present study, of the three seropositive family members, two had slight eosinophilia with an elevated concentration of serum IgE, while the other (the patient's wife) showed normal levels. These differences in laboratory findings among seropositive individuals may be due to the difference in the degree and phase of anti-parasitic immune response, the difference in the amount of injected parasites from vector mosquitoes, and the mortality of injected parasites in the host. It is important to note that the seropositive family members had no abnormal findings on chest X-ray examination. The occurrence of pulmonary dirofilariasis from seropositive individuals may also be influenced by several factors such as the degree of anti-parasitic response and the number of injected parasites in the host.
In contrast to dogs, a counterplan for subclinically infected humans with D. immitis has not been established. Because, it is generally believed that D. immitis cannot live in human subcutaneous tissue (2), the serum antibody to the parasite may decrease with time after inoculation by infected mosquitoes. Konishi (18) reported the yearly change in serum antibody to D. immitis in inhabitants of a city with a high seroprevalence of D. immitis in dogs. He reported that 10.0% of the inhabitants examined showed an increased level of serum antibody to D. immitis one year later, suggesting that inhabitants in the city were frequently exposed to infected mosquito bites during the year. In this report, it was also demonstrated that 64.4% of seropositive individuals showed a decreased level of serum antibody to the parasite one year later. This report suggests that many inhabitants could be repeatedly exposed to D. immitis in the environment with a high risk of dirofilarial infection, and exposure to the parasite may have a transitory effect in many individuals. However, there is currently little information available on the change in antibody to the parasite over time and the incidence of pulmonary dirofilariasis in asymptomatic seropositive individuals. We advised the three seropositive family members to have periodic medical follow-up for pulmonary lesions and serum antibody titer to D. immitis. Further pedioric examination of serum antibody may be useful for detecting persistent infection in these individuals. We also advised active extermination of mosquitoes. Although we could not obtain informed consent to examine the neighboring dogs and their owners for the presence of dirofilarial infection in the present study, a mass survey may be helpful for the clarification and prevention of dirofilarial infection.
In conclusion, the present results show that D. immitis infection can occur frequently among family members of a patient with pulmonary dirofilariasis. An extensive survey of family members may be useful for earlier detection of subclinical infection of D. immitis, especially when patients are living in environments with a high risk of dirofilarial infection.
